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Purpose
The specific features of minimally invasive pediatric surgery include:
(1) a significantly decreased working space; (2) smaller field of vision; (3) more delicate tissues; and (4) requirement of finer, more precise movements [1] . These pediatric-specific features have been studied primarily in the field of surgical skill assessment and training, and simulators and models have been developed for pediatric applications [1, 2, 3] . The purpose of this study is to develop a pediatric chest model with numerous sensors for skill assessment and evaluate it in comparison to a dry box. Methods A pediatric chest model setup comprising a three-dimensional rapidprototyped pediatric rib cage of 1-year-old patient with accurate anatomical dimensions, a suturing skin model with force-sensing capability, and forceps with motion-tracking sensors was developed. A modified suturing skin model with force-sensing capability (Suture Evaluation Simulator M57, Kyoto Kagaku Co., LTD, Japan) was placed inside the rib cage to simulate a suture needed during thoracoscopic repair of esophageal atresia type C. Three ports for a 3.5-mm 30°-angled endoscope, 3-mm needle driver, and 3-mm forceps were placed by penetrating a synthetic skin placed on the rib cage. Figure 1 shows the pediatric chest model setup. A 6-DOF sensor coil was mounted on each instrument for real-time motion tracking using the electromagnetic motion tracking system, trakSTAR (Mid-Range Model, Ascension Technology Corporation). The pediatric chest model setup enables the measurement of motion of the instruments and the force applied on the suturing skin model as well as the recording of the endoscopic view.
Skill assessment was evaluated by recruiting 30 pediatric surgeons. Each surgeon performed an endoscopic intracorporeal suturing secured by 3 knots in the pediatric chest model setup and in a box trainer setup using the same sensors. The task completion time, instrument path length, and force index were measured and the endoscopic view was recorded. The performance for the box trainer and that for the pediatric chest model were compared using the Mann-Whitney's U test by the JMP statistical software (SAS Institute, Inc.), and a P value \0.05 was deemed statistically significant.
The use of patient data and the experimental protocol were reviewed and approved by the ethics committee of Graduate School of Medicine and Faculty of Medicine, The University of Tokyo (No. 10033).
Results
In this study, surgeons with an experience of performing 10 or more laparoscopic fundoplication procedures were considered ''experienced surgeons,'' and the others were considered ''inexperienced surgeons''. The task completion time, path length of the instrument in the right hand, and path length of the instrument in the left hand for the pediatric chest model were significantly larger than those for the box trainer setup. The force index for the pediatric model and the box trainer model showed no significant difference. In the experiment using the box trainer, the task completion time and left total path of the inexperienced surgeons were significantly larger than those of the experienced surgeons. In the experiment using the pediatric chest model, the task completion time, left total path, and force index of the inexperienced surgeons were significantly larger than that of the experienced surgeons. The larger significant differences between the experienced and inexperienced surgeons in the pediatric chest model setup suggest that this model can better differentiate them.
Conclusion
The performances of inexperienced and experienced surgeons were compared using the box trainer setup and pediatric chest model setup, showing more significant differences with the pediatric chest model. These preliminary results suggest that the developed pediatric chest model can better replicate pediatric-specific features and represents a suitable platform for pediatric skill assessment. Acknowledgments This study was partially supported by a Grant-in-Aid for Scientific Research (S) No. 23226006 and the project ''Assessment methodology for innovative minimally invasive therapeutic devices, materials, and nano-bio diagnostic devices''. References 
